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1 Introduction

There have been several proposals to partition RACH resources (signatures) into Dedicated and Non-dedicated pools (e.g., [1], [2]). Some of the advantages of Dedicated  resources are higher utilization and reduced latency. There are several proposals for the usage of Dedicated RACH resources the list of which could include but might not be limited to
· Handover 
· Uplink Synchronization 

· E-MBMS User Detection 

· E-MBMS Feedback 

· Scheduling Request Indicator 

In some cases the purpose of access is such that it requires the resource to be dedicated to one or multiple UEs (e.g., E-MBMS detection, E-MBMS feedback). In other cases it is possible for a resource to be access by both Dedicated and Non-dedicated UEs. By UE we mean an application of a particular UE that needs a particular access service (Dedicated or Non-dedicated). In previous discussion of Dedicated/Non-dedicated resources it was assumed that there is a partition between resources and that this partition could be static or semi-static/dynamic. Typically, it is going to be hard to size each resource pool in advance and the adjustments would be needed. However these adjustments would carry the cost in terms of delay in the case when there is an overload in one of the pools, and would have to be indicated on the system broadcast channel.
In this document we propose that Non-dedicated resources can be temporarily assigned to a UE as Dedicated, without explicit indication of such use on BCCH, so that the utilization of both resource pools is improved, and delay in overload situations minimized.

2 Resource sharing between Dedicated and Non-dedicated UEs
Previous contributions ([4]) have discussed the sizing of RACH resources and it was shown that the utilization of the Dedicated pool could be much higher than the Non-dedicated pool to achieve the same collision/blocking performance. Collisions in the Non-dedicated region incur additional overhead in terms of the transmission of Messages 2, 3, and 4. Thus, the collision probability in the Non-dedicated region needs to be small. Dedicated region is designed to be collision-free however, there will be blocking in high load situations which would lead to additional delay. An illustration of this is shown in Figure 1.
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Figure 1. Illustration of the utilization of Dedicated and Non-dedicated RACH resources.

The horizontal axis in Figure 1 represents time while the vertical axis represents load within the existing resources. The dashed line represents partition between Dedicated and Non-dedicated resources. Unused resources in each pool cannot be used by the UEs in the other pool. Circles represent instances of blocking of the Dedicated UEs, i.e., a UE needs dedicated resources will not find any available. 
Although the resources might be sized for average usage the dynamic nature of offered load will create situations in which the load in each pool will become unbalanced. Although the resource partition could be adjusted it might be too slow or involve too much overhead to move it at a very fine time scale. We thus propose that resources in the Non-dedicated region can be accessed for a limited time interval by both Dedicated and Non-dedicated UEs. At times of congestion network can temporarily assign a Dedicated Resource (signature) to a UE in the Non-dedicated pool. This information does not need to be broadcast to all UEs and there is no need to change the partition. The fact that Non-Dedicated UEs do not know that a Dedicated UE has been temporarily given a signature in the Non-dedicated pool can cause collision with one or more UEs that are accessing in the Non-dedicated mode. The probability of this event is small and is approximately the same as the probability of collision in the Non-dedicated region. To address this case we consider two options:
· If C-RNTI is present in Message 2, it indicates to a Non-dedicated UE(s) that this is a temporary Dedicated Resource upon which the Non-dedicated UE(s) backoff leaving the Dedicated UE to send Message 3 without contention  .
· If C-RNTI is not present in Message 2 we propose a 1 bit flag in Message 2 that would indicate the contending Non-dedicated UEs that this is a Dedicated resource

Non-dedicated UEs that detect a particular resource to be temporarily dedicated treat this as a collision, perform a regular backoff and mark this resource temporarily off their list of accessible resources to avoid future collisions. If it does not receive Message 2 the Dedicated UE will resend Message 1 using the same resource in the next RACH transmit opportunity. Figure 2 illustrates the case when Message 2 is sent.
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Figure 2. During congestion Dedicated and Non-dedicated UEs can access the same resource from the Non-dedicated pool. Non-dedicated UEs performs backoff. 
The above option would allow Dedicated UEs that would otherwise be blocked to send Message 1 without contention. To compensate the Non-dedicated UEs, the partition could be “lowered” (in favour of Non-dedicated pool) thus increasing the number of available resources to the Non-dedicated UEs. This in turn decreases their probability of collision. The collision probability of Non-dedicated UEs is not changed by the occasional presence of Dedicated UEs since the overlap with a dedicated UE does not mean collision. 

In addition to dealing with load spikes and load imbalance the proposed resource sharing can postpone increasing the size of the RACH resources (typically needs to be done in chunks of 64 Signatures and could be costly).  The benefits are as follows
· Increased RACH utilization

· Decreased delay for Dedicated UEs

· More flexibility with imbalanced load

In Figure 3 we show how we can carry increased Dedicated load by allowing the sharing of Non-dedicated resources.
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 Figure 3. Increased load carried using the same threshold (no adjustments).

In figure 4 we show how we can avoid increasing the resources using the proposed scheme.
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 Figure 4. The same load can be carried by smaller number of resources.
3 Conclusion
Based on the discussion above, we propose the following
· Dedicated UEs can temporarily be assigned RACH resources (signatures) in the Non-dedicated region without explicit system broadcast
· In the case of collision between a Dedicated attempt and one or more Non-dedicated attempts the Non-dedicated attempts will use feedback from Message 2 to backoff and temporarily remove this resource from the available resources list to avoid collision
· In the case eNB did not detect the presence of transmission the Dedicated UE will retry using the same signature in the next RACH transmit opportunity while the overlapping Non-dedicated UEs will follow the standard backoff procedure (random signature after random delay). In both cases UEs will ramp up power. 
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